Influence of genetic dissimilarity among teak (Tectona grandis Linn. f.) clones on flowering synchrony was studied in a Clonal Seed Orchard (CSO) of teak in Karnataka, Southern India. Flowering phenology was monitored for all the 24 teak clones of the CSO and flowering synchrony between clones was assessed adopting a novel 'overlap index'. Genetic dissimilarity among these clones was assessed adopting DNA based ISSR (Inter Simple Sequence Repeats) analysis. Large variation in the time of 'flower initiation' and of 'peak flowering initiation' was observed among the clones belonging to diverse sources, suggesting large asynchronous flowering. Cluster analysis based on ISSR marker indicated that the clones originating from a same source clustered together and there was a clear segregation based on their origin. Correlation analysis revealed a significant negative association between the average Jaccards's dissimilarity index between pairs of clones and average peak flowering overlap index. Clones from geographically diverse regions had high genetic dissimilarity and also showed high flowering asynchrony within them.
Introduction
One of the main objectives of a tree improvement programme is the production of genetically improved seed crops, which could be produced in operational quantities by adopting seed orchard approach (ANDERSSON, 1960) . A seed orchard is a collection of phenotypically superior and diverse individuals of a species, which are managed to produce a genetically superior seed crop through the process of open pollination (ASKEW, 1986) .
Flowering synchrony among constituent clones is crucial among the factors that influence seed production in a clonal seed orchard (CSO), since it directly influences the exchange of gametes among clones. Complete flowering synchrony among clones facilitates panmictic equilibrium, which is one of the basic assumptions for an idealized seed orchard. However, studies on numerous temperate coniferous species have shown that this is seldom true. For instance, non-synchrony among the constituent clones of a seed orchard has been reported by EL-KASSABY et al. (1988) in Douglas-fir (Pseudotsuga menziesii); in Sitka spruce (Picea sitchensis) by EL-KASSABY and REYNOLDS (1990) ; in radiata pine (Pinus radiata) by GRIFFIN (1984) ; in black pine (Pinus nigra) by MATZIRIS (1994) ; in loblolly pine (Pinus taeda) by ASKEW, (1988) and ASKEW and BLUSH (1990) . Amongst tropical species, early and late flowering clones have been identified in CSO of Eucalyptus grandis (CHAIX et al., 2007) and Tectona grandis (RADHAMANI et al., 1998; PALUPI and OWEN, 1998; GUNAGA et al., 1999) . Deviation from panmictic equilibrium through incomplete flowering synchrony is expected to reduce the efficiency of seed orchards through mating among closely-related individuals. Clonal differences in pollen release and female receptivity also has a profound effect on the genetic composition of progeny (ERIKSSON et al., 1973; JONSSON et al., 1976; REILLY et al., 1982) .
Physical and climatic factors are known to cause annual variations in flowering behaviour of clones in an orchard. For instance, ALIZOTI et al. (2010) have recorded spatial and temporal variations in flowering behaviour of black pine (Pinus nigra) as a response to changing climatic conditions. On the other hand, NIKKANEN (2001) has shown in Norway spruce (Picea abies) that reproductive phenological events can be influenced by differences in spacing between grafts and physical factors such as direction and gradient of a slope where grafts are planted. Yet, in a large number of species strong genetic control has been invoked to explain the flowering behaviour among clones in an orchard (MATZIRIS, 1994; VASUDEVA et al., 2000) . Primarily, reproductive phenology is a highly genetically influenced trait and clones tend to retain the reproductive phenology of their original provenance (VASUDEVA et al., 2000) . EL-KASSABY et al. (1988) have attributed large differences in phenological behaviour among clones of Douglas fir to the diverse origin of clonal material assembled in the orchard. Similarly, clonal differences in flowering phenology were smaller in a CSO of Norway spruce established using clones originating from neighboring geographic areas with similar climatic conditions (NIKKA- NEN, 2001 ). Therefore it is generally assumed that level of genetic divergence among the constituent clones in an We hypothesized that the levels of flowering synchrony within an orchard is dependent on the average genetic relationship among its constituent clones. To test this hypothesis we monitored the flowering phenology of 24 clones of teak (Tectona grandis L. f.) in a 21-year-old clonal seed orchard and estimated the genetic dissimilarity among the clones adopting a DNA based ISSR (Inter Simple Sequence Repeats) marker employing 10 primers. Subsequently, the two parameters were subjected to a correlation analysis.
Material and Methods

Study site for flowering phenology
Investigation on flowering phenology of teak clones was undertaken in a teak CSO established at Manchikere hamlet in Uttara Kannada District, Karnataka, southern India. This CSO was established in 1980 using 24 superior teak clones originating from three broad geographic regions of Karnataka; thirteen clones derived from Northern zone, four from Central and seven from Southern zone (Table 1 and 2; Fig. 1 ).
The planting had been done adopting Completely Randomized Design with unequal replications over an area of 4 ha.
Plus trees were earlier selected through a rigorous selection procedure involving standard check trees some time during 1970's through an initiative of state forest department and the Forest Research Institute (FRI), Dehra Dun, India (RAMACHANDRA et al., 2001) . Each clone was given a unique number indicating the forest range from which the mother tree was selected and were deployed as clone in seed orchards as well as maintained in a clonal bank. The selection was done over a wide geographic range covering latitudes from 11°55'N to 15°53 ' N (RAMACHANDRA et al., 2001) . Unfortunately, today most of the original mother trees cannot be identified in field.
Flowering phenology was studied from April 1999 to August 1999 by tagging the known clones (Total 24 clones) and their ramets (n = 407). The site was visited at every one week interval to make observations on flowering phenophases like time of initiation and duration of flower bud, flowering and peak flowering. Scores were assigned as shown in Table 3 . Further, average time of initiation and duration for budding, flowering and peak flowering were worked out (GUNAGA et al., 1999) . In the study, infested/dead/mutilated trees were avoided while scoring. The time taken for commencement of flower buds, flowering and peak flowering were calculated as the number of days from 1 st January to the date of their first appearance on every tree. Duration of all phenophases was considered as total number of days of respective events. Peak flowering was defined as the time when approximately 75 per cent of the flowers on a tree are in bloom.
Data analysis
The data on each phenological phase were analysed as one way Analysis of Variance (ANOVA) by using MSTATC programme on a PC and the variability was decomposed into genetic and environmental components using the following model:
Where, c = number of clones 2 = sum of squares due to error 2 c = sum of squares due to clones (genotypic variance) n 0 = ⌺n i -{⌺(n i -1)/n i } as suggested by KEDHARNATH (1982) Since the number of ramets per clone differed, n 0 was computed. n i = number of ramets of i th clone.
Analyses of variance and computation of variance components were conducted on the data for each characteristic separately. The following simple linear model for the analysis of variance was adopted to test the effects of clones disregarding their geographic origin:
Where Y ik is the performance of i th ramet of k th clone, µ = overall mean, C k is effect of k th clone and e ik is the random error associated with ramets. No test of significance of block effects was attempted since the orchard has been planted adopting completely randomized design.
In order to test the influence of 'geographic origin', a separate analysis was done wherein ramets were categorized into three different groups viz., northern, central and southern based on their origin disregarding their clonal identity (see Table 1 ). Following simple linear model was adopted to test the influence of place of origin on various flowering phenological events:
Where, Y ik is the performance of i th ramet of k th origin, µ = overall mean, p k is effect of k th origin (provenance) and e ik is the random error associated with ramets. The primary aim of these analyses was to test the influence of clone and place of origin on various flowering phenological events and not in the estimation of genetic parameters.
Following Gunaga and VASUDEVA (2009) , the overlap between two clones for their flowering period was computed based on the following formula adopted from the Morisita index of similarity (MORISITA, 1959 ) and Horn's index of similarity (HORN, 1966) . The time of peak flowering was used for analysis of overlap index.
Where, P ij is the proportion of ramets of j th clone in peak flowering for a given period i, P ik the proportion of ramets of k th clone in peak flowering for a given period i, n is the number of weeks in which the flowering observed, P ij x P ik is the joint probability of flowering by two different clones.
The value of overlap index ranged from 0 (when there is no overlap between two clones) to 1 (when there is full overlap between two clones). Overlap indices of particular clone with all other individual clones was used to calculate the average overlap index of that clone.
Genetic analysis
For assessing the genetic dissimilarity among the teak clones planted in the orchard, DNA based ISSR markers were used. Leaf samples collected during July 2005 from the 24 clones were subjected to DNA extraction by following CTAB (Cetyl Trimethyl Ammonium Bromide) extraction method (DOYLE and DOYLE, 1987) . DNA was quantified based on the spectrophotometric measurement of UV absorbance at optical density (OD) 260 nm and was diluted to working concentration (20 ng). Genetic analysis was carried out employing DNA based Inter Simple Sequence Repeat (ISSR) molecular markers. PCR amplification was carried out in a 15 µl reaction mixture containing template DNA (20 ng), primer (0.3 µM), Taq polymerase (0.5 units), 10ϫ assay buffer and dNTPs (1 mM). A total of 20 UBC-primers were screened, of which 10 primers (UBC 807, UBC 808, UBC 809, UBC 811, UBC 818, UBC 826, UBC 827, UBC 866, UBC 868, UBC 898) that gave consistent results and higher number of polymorphic bands was selected. Amplified PCR products were separated on a 1.5 per cent agarose gel stained with ethidium bromide (0.5 µg/ml). The gel was visualized under a UV light and captured using Herolab Gel Documentation Unit. Binary coding was used to score the gels (WENDELL and WEEDEN, 1989) . Presence of a PCR-amplified product was scored as 1 and its absence as 0.
Data analysis
Based on the absence or presence of amplified products, Jaccard's dissimilarity index was computed by comparing all the possible pairs of clones ( n C 2 pairs) in the orchard.
The Jaccard dissimilarity for a pair of clones is calculated using the following formula; J= M 01 + M 10 / M 01 + M 10 + M 11 , where M 11 represents the total number of amplicons shared by Clone 1 and Clone 2 M 01 represents the total number of amplicons where Clone 1 is 0 and Clone 2 is 1.
M 10 represents the total number of amplicons where Clone 1 is 1 and Clone 2 is 0 M 00 represents the total number of amplicons Clone 1 and Clone 2 is 0.
Dissimilarity indices of a clone with all other individual clones in the orchard were used to calculate the average dissimilarity of that clone. Cluster analysis for the 24 clones in the orchard was constructed using Statistica Software ver. 7. At the regional level, clustering analysis was constructed using POPGENE ver. 2. At the geographic origin level, the overlap indices of all pairs of clones from the same region were considered while calculating the average overlap index of clones for the particular region. The same procedure was adopted to calculate the average genetic dissimilarity index of clones originating from one region. Thereafter, t-test was used to ascertain the whether the differences in the average overlap index and average dissimilarity index among clones from three geographic regions were significant or not. Df = degrees of freedom; MS = mean sum of square; FV = F value; P = significance at Probability level; NS = Non-significant. Table 5. -ANOVA table for Lyngdoh et. al.·Silvae Genetica (2012) 61-1/2, 10-18 
Results
The values of co-efficient of variation suggested a limited variation for the initiation of flowering and peak flowering and moderately larger variations for duration of these phenophases (Table 4) . However, time of flower initiation and peak flowering period among 24 teak clones was found to be significantly different (F = 46.1, p < 0.01; F = 41.9, p < 0.01, respectively; Table 5 ). The average number of days to flowering initiation and peak flowering initiation, computed as number of days from 1st January ranged from 143.46 and 168.36 to 203.1 and 222.72 for clone MyBL1 and MyHaD2, respectively (Table 4) . However, the duration of flowering and duration of peak flowering among clones did not differ significantly (Table 5 ) with an average of 53.01 ± 14.86 and 15.95 ± 8.07days, respectively ( Table 4 ). The overlap index as a degree of synchrony among two sets of clones ranged from 0.382 (MyHuT2 with MyHaD2) to 0.99 (MySA1with MyHuK3). Highest average overlap index of a clone with rest of clones in the orchard was noted for clone MyHuT6 (0.890) and lowest for clone MyHaD2 (0.639).
Significant influence of geographic origin on three floral phenophases was also observed during the study (Table 6 ). Teak clones originating from central and southern regions tended to initiate flowering as well as peak flowering significantly earlier to those from northern region (Table 6) .
Dissimilarity index between clones in the orchard was calculated based on 95 amplicons generated using 10 ISSR primers. The average dissimilarity index between clones in the orchard was found to be 0.147 ± 0.036. The dendrogram generated for 24 clones revealed two clusters; the major cluster comprising of clones from all regions, while the minor cluster solely of clone of northern origin (Fig. 2) . Clustering of clones grouped according to their region of origin showed a close association between the central and southern group (Fig. 3) .
A significant negative association (r = -0.4759, df = 22, p < 0.05; Fig. 4 ) was observed between average genetic dissimilarity of a clone with rest of the clones of the orchard (as computed by the Jaccard's index) and the overlap index (which summarily characterizes level of flowering synchrony of a clone with the rest of the clones in an orchard). This clearly suggests that clone with a larger genetic dissimilarity tend to have lower overlap in its peak flowering with other clones of the orchard. A similar general trend was also observed when the data was recast based on the geographic origin of the clones ( Table 7) . As a group, the clones belonging to northern region had relatively higher genetic dissimilarity with rest of the clones and consequently showed lower values for average peak flowering overlap index. While the clones belonging to southern regions showed less values for Jaccards index and a higher overlap. However this trend was not true in case of clones belonging to the central region. 
Discussion
Flowering asynchrony in clonal seed orchards have been extensively documented in teak (ANMOL KUMAR, 1992; RAWAT et al., 1992; PALUPI and OWENS, 1998; GUNAGA et al., 1999; GUNAGA and VASUDEVA, 2009 ) as well as in other species (GRIFFIN, 1984 in Radiata pine; ASKEW, 1986 in loblolly pine; EL-KASSABY and ASKEW, 1991 in Douglas fir; MATZIRIS, 1994 in Black pine and VERMA et al., 1989 in Eucalyptus citriodora). Clones from geographically diverse origin are known to differ in their reproductive phenology when grown in an orchard (MATZIRIS, 1994) and has been earlier reported in teak (VASUDEVA et al., 2000) . Consequently, subsets of synchronized clones originating from the same region, which may be more related, can give rise to subpopulation structure within the orchard (EL-KASSABY, 1989 ).
Interestingly, clones from Barchi (MyHaD1, MyHaD2, MyHaD3, MyHaD4) and Kulagi (MyHaK1, MyHaK2, MyHaK3) origin of northern region had highly similar flowering initiation period and peak flowering period (Table 4 ) as well as showed higher levels of genetic similarity among themselves as assessed through ISSR markers and shown in the dendrogram (Fig. 2) . It is expected that tree to tree variation for phenological patterns in a population would be less because phenological patterns are shaped as a response to common climatic cues by the entire population through natural selection. However provenance differences for this trait would be larger. Our study also supports this notion since genetically similar populations showed higher synchrony ( Table 7) . Earlier GUNAGA and VASUDEVA (2002) have reported two separate peaks in flowering, one referring to teak clones of northern region and the other to clones of southern and central origin which can be attributed to those populations being genetically more similar as evident from the dendrogram (Fig. 3) . As a consequence, there is higher chance of mating between genetically similar clones or provenances with synchronous flowering behaviour within the orchard.
Clonal as well as provenance asynchrony in flowering phenology is expected to have huge limitation to achieve the goals of an orchard where traditionally unrelated clones are used for orchard establishment to avoid inbreeding depression. LINDGREN et al. (1997) suggested that 200 unrelated parents is a reasonable number to achieve gain when considering the costs and benefits of breeding. However, as a cautionary measure, it is necessary to include plus-trees in the natural populations of the same breeding zone, where ecological conditions are quite similar and genetic parameters have high values. Following these requirements each seed orchard may be dedicated to produce genetic material for one or few neighbouring breeding zones with no dramatic environmental differences.
Assembling unrelated clones or clones from wide geographic origin (provenances) may result in high flowering asynchrony in the orchard due to the genetic dissimilarity of clones obtained from different region. We validated this assumption by calculating the average Jaccards' dissimilarity index and average peak flowering index of each clone and demonstrating the negative association between these two. This is perhaps the first reported evidence on the problem associated with maintaining high genetic dissimilarity between clones in a clonal seed orchard of forest trees. The constituent clones of Manchikere CSO where the study was conducted originate from diverse climatic regions from drier southern region to wetter part of northern region ( Table 2) .
Besides the main objective of obtaining high quality out-crossed seeds from a clonal orchard, ensuring a broad genetic base within the orchard population is essential for future improvement programmes. How ever, results of this study have indicated that maintaining a very broad genetic base by planting highly dissimilar clones in clonal seed orchards of teak may run contradictory to the main objective of a CSO. By assembling highly dissimilar clones or clones from distinct provenances in the orchard, random mating is constrained by their difference in flowering patterns. As a result, mating of closely related clones or clones within a provenance with similar flowering patterns may cause larger number of empty or selfed seeds to be harvested from the orcharda direct impact on the orchard's reproductive success. Therefore, a compromise between these two components may be a prerequisite for ensuring high reproductive success of populations as well as maintaining an ideal genetic base. This becomes essentially important in clonal seed orchard establishment wherein clones from different geographic regions are assembled. Over the years, teak clonal seed orchards have been established with the aim of encouraging out-crossing rates between clones from diverse origin with little importance given to the flowering behaviour between those clones. Perhaps Table 7 . -Average peak flowering overlap index and average Jaccard's Dissimilarity index of clones from three geographic origins. ** Different alphabets indicate t-test significance level at 95 % confidence level. Lyngdoh et. al.·Silvae Genetica (2012) 61-1/2, 10-18 this practice could well be one of the factors responsible for low quality of seed obtained from orchard populations and has prompted large-scale planters to abandon the seed orchard concept considered useful about 30 years ago when they were established (GOH et al., 2003) .
